The economic impacts of harmful algal blooms (HABs) on the shellfish farming sector depend on their frequency, duration and intensity. Safeguarding storage and accelerated detoxification are technical solutions that could mitigate the effects of these events. This article first analyzes the economic feasibility of the technological changes that can be adopted by the shellfish farming sector in France. It then examines their associated social impacts. Finally, an application is carried out on the Bourgneuf Bay production area. The economic analysis addresses three issues related to HABs: (1) the economic performance of the shellfish farms in Bourgneuf Bay, (2) the costs of these new technologies, and (3) the economic viability of such an investment. Results suggest that only a few economically viable farms would be able to implement these technologies, yet this would not be an option for smaller, less profitable farms. Individual action within the context of a "laissez-faire" public policy, taking into account the need for technological equipment, would result in a concentration of the sector to the benefit of the largest capitalist farms, with negative effects on employment and the distribution of economic rent. Alternative ways for implementing these technological changes would require collective actions or public support.
Introduction
Harmful algal blooms (HABs) are toxic environmental phenomena that generally affect coastlines. Their frequency has increased sharply in recent decades (Anderson, 1989; Van Dolah, 2000) , although their origin is still poorly understood. In some coastal areas a correlation between these events and eutrophication processes has been noted (Sellner, 2003) , but other climatic and hydrological factors may also play a key role (Hodgkiss and Ho, 1997) . Since the eradication of these algal blooms is not possible (Wright, 1995) , research focuses on forecasting their occurrence. Some models take into account environmental variables such as the concentration of nutrients, the direction and intensity of winds, exchanges in the water column, etc. (Wong et al., 2007; Wong et al., 2009 ).
These toxic blooms represent a threat for the biodiversity of coastal ecosystems (Van Dolah et al., 2001) . They cause mortality and negative effects on the growth and reproduction of various biomasses (Sournia et al., 1990) . Moreover, they also represent a threat to human health via the consumption of contaminated seafood. HABs produce three main categories of toxicity that pose a risk for human health. The first of these, Diarrheic Shellfish Poisoning (DSP), is caused by the ingestion of toxins produced by several diarrheal phytoplankton species of the genus Dinophysis. This type of shellfish poisoning is the most frequent and the least harmful for human health, mainly causing diarrhea. In the case of Paralytic Shellfish Poisoning (PSP), toxins are produced by Alexandrium minutum and A. catenella / tamarense phytoplankton. Their effects are more dangerous than DSP and can lead in extreme cases to neurological paralysis. Finally, with Amnesic Shellfish Poisoning (ASP), toxins are produced by several species of phytoplankton belonging to the genus Pseudo-nitzschia and result, notably, in short-term memory loss.
Shellfish farming is directly affected by algal blooms because shellfish feed on this harmful phytoplankton and therefore accumulate the toxins. In the absence of efficient warning mechanisms, European Regulation (EC) No. 854/2004 of the European Parliament and of the Council of April 29, 2004 recommends the implementation of a water quality monitoring system covering all production areas, with the objective of protecting human health. The monitoring protocols determine: (1) the quality of the water in production areas; (2) the requirements of farms concerning purification systems; and (3) the shellfish harvesting and sales ban procedures when water masses in a production area are contaminated. Such bans have economic repercussions on the shellfish farming industry resulting from delays in sales. In the short run, cash flow requirements can lead to financial costs. In the long run, damage to the sector's image can reduce demand, lead to lower prices and loss of revenue, and even, in extreme circumstances, result in bankruptcies and job losses.
HABs are random events and cannot always be accurately forecasted. Shellfish farms need to internalize the additional costs incurred by shellfish bans. In light of the recent increase in the occurrence of HAB events, technical responses such as safeguarding storage and accelerated detoxification processes will be discussed as potential solutions to mitigate the economic impacts of these bans. Safeguarding storage consists in storing shellfish in noncontaminated water. This ensures the protection of the livestock to be sold before any water contamination can take place and allows its sale during shellfish bans. Conditions required for implementing these processes include: (1) the availability to shellfish farms of noncontaminated water (well water sources); (2) the existence of efficient warning mechanisms; and (3) traceability guarantees. Accelerated detoxification can be used after contamination of the livestock biomass. Detoxification of shellfish occurs naturally once their exposure to toxins disappears. This ability is linked to their natural biological capacity to eliminate toxins, but is also determined by environmental factors such as water temperature and salinity, etc. (Blanco et al., 1997) . Moreover, under normal conditions, different species of shellfish will eliminate toxins at different rates, and the time required can have economic impacts on the farms concerned. Accelerated detoxification processes reduce the period of shellfish purification. According to experimental analysis of the detoxification kinetics of DSP, using high concentrations of nutrients (Lassus et al., 2002) , Pacific oysters can completely eliminate toxins within six to seven days. These results are significantly better than those obtained by ozone water treatment (15-20 days). The results of detoxification kinetics using ozone water treatment are relatively close to those obtained by forced oxygenation without physical-chemical treatment of the water. Accelerated detoxification works efficiently when the following three conditions are met: (1) it should comply with health regulations (in the case of a shellfish ban, the contaminated stock can neither be harvested nor sold); (2) it must be economically viable, which directly depends on the additional costs associated with new investments; and (3) it requires continuous water quality control. These conditions involve a profound change in production processes. Moreover, consumer perception of product quality may be modified due to the shellfish having gone through a decontamination process.
From an economic point of view, the efficiency of production processes must be based on a cost-benefit analysis. The decision to implement a technological change requires a comparison of the associated costs (including investment and operational costs) with the expected benefits. In the case of shellfish bans due to HAB events, new investments do not result in any real benefits. However, while farms will not make any extra income from the use of the new processes, their objective is to maintain revenues, even during ban periods.
The technological changes considered in this paper rely on individual or collective initiatives. Investments can be supported individually by each shellfish farm or can be shared by a pool of farms with the objective of decreasing unitary costs through economies of scale. The choice will depend on the capacity of the farms concerned to make additional investments, and on the willingness of the sector to accept structural changes in production processes. A complementary scenario to be considered is the emergence of companies specialized in the purification of shellfish. This specialization aims to optimize the detoxification processes, thus reducing the associated cost across the whole sector (as in the case of the depuradures in Spain, companies specialized in the purification of mussels). However, technological changes are likely to have social impacts on the aquaculture industry, since the capacity of farms to support new investments is extremely heterogeneous. Some papers analyzing the implementation of new technologies for controlling fish farm effluents (e.g., Engle et al., 2004; Engle and Valderrama, 2003) demonstrate that small aquaculture farms are usually the most adversely affected by the increased costs resulting from technological changes. These farms, especially the most economically vulnerable among them, can be forced out of the industry. Moreover, the implementation of new regulations or more capitalist processes can also generate additional barriers to entry for small farms (Kouka and Engle, 1996) . These social impacts will also be addressed in this paper.
Technical Options for mitigating HAB Events
The processes of contamination and purification of shellfish depend on the species. Under natural conditions, shellfish can be contaminated by bacteria, viruses or toxins. When these external agents disappear, shellfish require a longer or shorter period of time to depurate the toxins and return to their "normal" healthy state. Consequently, the economic problem caused by HABs is not a matter of biomass mortality, but rather a problem of access to the market and hence of decreased revenue during periods of outbreak. The choice of technical solution to address shellfish bans depends on the specific characteristics of the production area (temperature, availability of water sources, etc.) and the extent of HAB events. The technical options discussed are based on existing technologies primarily used for standard purification and storage before marketing. They are discussed in the following paragraphs.
An illustration of a standard diagram of a recirculation system is detailed in Figure 1 . More simple purification systems can be built from this global scheme.
Safeguarding storage techniques
Safeguarding storage consists in placing animals in external tanks before they are exposed to contamination. The availability of marketable oysters during shellfish bans would maintain revenues. Two main safeguarding storage processes can be identified. Firstly, recirculated treated water (cooling to 14°C/57.2°F) named S1, is a process which allows for keeping shellfish in closed tanks (for storage or purification) using seawater cooled to under 14°C/57.2°F. The operating process consists in filling the tank in an hour at the frequency of the safeguarding requirements. Recirculation, cooling and UV sterilization operate continuously (24/7) during safeguarding operations. The objective is to reduce the oysters' kinetic metabolism and consequently slow down and stop their nutrition system. Secondly, the dry cold storage (S2) process allows storage of livestock in cold storage units at 4°C/39.2°F. No water is required. Oysters can be preserved several weeks out of water. The equipment required is a simple cold room with a storage capacity of 1 ton/m 2 . Equipment measuring 2m in height represents a storage capacity of 500 kg/m 3 . The cooler operates continuously (24/7) during safeguarding operations to maintain a constant temperature of 4°C/39.2°F.
Accelerated detoxification techniques
The equipment used for accelerating detoxification is very similar to that used for standard purification. These techniques require recirculated water to ensure healthy conditions for oysters, and are subject to the availability of well water. The temperature of the water must be controlled and its variation has to be maintained within a limit of 2°C/35.6°F compared to pumped seawater. The oysters are fed continuously. Based on this common protocol, three different procedures can be distinguished according to whether the supply of phytoplankton is local (auto-production) or external (purchase). In case of auto-production, farms need to invest in specific material. Two technical options are possible. Firstly, phytoplankton is produced in outdoor tanks under natural light using well water, which is naturally rich in nutritive elements (D1). Secondly, phytoplankton is produced in indoor 300L cylinders using artificial light (D2). Seawater is pumped into the cylinders and nutritive elements are added.
The simplest way for farms to be supplied in phytoplankton is to externalize production by purchasing concentrated algal paste. This is option D3. This alternative leads to additional operational costs without requiring additional investments in equipment. The choice of producing or purchasing phytoplankton is determined by comparing their respective unitary costs. The technical description of the required equipment by technology is detailed in Table  1 .
Materials and Methods

Data sources
The capacity of French shellfish farms to invest in innovative technologies for reducing the consequences of HABs is assessed in this paper. Our case study focuses on the oyster farms of the Bourgneuf Bay area (Pays de la Loire region, France). This economic analysis follows a three-step approach. Firstly, the structure and economic performances of the oyster farms in Bourgneuf Bay are assessed in order to evaluate their capacity to implement changes in production patterns. Secondly, the investments and operational costs associated with the different technical options are estimated. Thirdly, the economic feasibility for implementing technical options is explored. Several scenarios are developed, taking each technical option into consideration, and according to different durations of shellfish bans. We also distinguish between individual and collective actions in implementing technical options.
Two data sources were used to assess the viability of technological changes. The first database was provided by the Small-Scale Fishery Management Center (Centre de Gestion de la Pêche Artisanale, CGPA), which provides accounting services to fish and aquaculture farms. The initial database for Bourgneuf Bay comprised 579 annual financial reports for 81 farms between 1997 and 2007. At the end of the selection process, the database was reduced to 40 oyster farms, including only the farms specialized in oyster farming (at least 80% of their total revenues) and the farms which had filed a sufficient number of annual financial reports. For each of these selected farms, accounting indicators were assessed using arithmetic averages for the total period. Values were converted to 2007 constant US dollars (1.3705 $/€).
The representativeness of the CGPA data was checked by comparing the sample to data from the national census of the shellfish farming industry (Girard et al., 2005) . As regards the variables production, production surface area, and employment, calculated in full time equivalent (FTE) units, the data collected from CGPA can be considered as representative ( Table 2 ).
The second source of data consists of technical and economic data, collected by a field study, from local professional organizations, support service companies, and aquaculture development experts. These data concern the description of the tanks used for the standard bacteriological purification systems used in the different production areas. These external tanks are additionally used for stocking production before sale. Safeguarding storage and accelerated detoxification technologies are based on comparable purification standards. The same tanks can be used for both of these processes, but their dimensions do not solely depend on sporadic HAB events, due to the high seasonality of shellfish production. The associated costs related to each technical option have been assessed from standard systems and taking into account the specificities of safeguarding storage or accelerated detoxification processes.
The data collected concern the purification systems of farms located in five production areas: three along the Atlantic coast of Brittany (the Etel river, Quiberon Bay, and the Pénerf river), and two along the Mediterranean coast (the Thau lagoon and the Salses-Leucate lagoon). The characteristics of the purification systems depend on the specificities of each production area, the size of the farm, and the technical requirements of each equipment option. The main criteria selected for building these technical options are the type of farm according to production volume (10, 20, 50, 100, 200 and 500 tons a year are distinguished), the individual volume of storage/purification tanks by type of farm, the average time of storage/purification, the storage/purification technique implemented, the storage capacity of each tank, the average seawater temperature measured in the area, the maximum duration of HAB contamination observed in the area and the maximum frequency of HAB events observed in the area per year.
Methods of extrapolating costs
The unitary costs assessed for standard technologies will be extrapolated to the Bourgneuf Bay farms, depending on their requirements for safeguarding storage equipment. Costs are mainly related to tank size. In order to provide an efficient safeguarding mechanism, the tank must be of a size corresponding to its functionality and to the level of activity of the farm. There are two theoretical options that can be analyzed. In the first option (Option 1) tanks are considered as multifunctional. In this case, the primary purpose of the equipment is to stock shellfish for sale or for standard purification. Occasional safeguarding storage or accelerated detoxification processes may constitute a secondary storage function. The volume of the tanks is mainly determined by their primary function. Consequently, their size must allow for stocking the largest production volumes of the year (on average, 50% of oyster sales occur during the Christmas period). The storage capacity of the tanks during shellfish bans can, therefore, be considered as unlimited and hence independent of the duration of these bans. In the second option (Option 2), tanks are used specifically for safeguarding or detoxification. In this scenario, the farms only use the tanks for stocking shellfish during bans. This functionality can be justified in production areas with no administrative purification requirements and where the risk of shellfish bans is low. In such a case, the volume of the tanks can be adapted to the strict requirements for storage during HAB events. Scenarios of different durations have thus been taken into consideration.
In both cases, the previously assessed unitary costs of standard equipment, in US dollars per m 3 of tank required per technology, including associated equipment, are used to evaluate the total costs that would be incurred by the Bourgneuf Bay farms if they decided to invest in external tanks for safeguarding and detoxification. In general, the investment cost per m 3 decreases exponentially as the tank size increases linearly. For safeguarding techniques, this economy of scale (Figure 2 ) varies by a factor of up to three from the smallest to the largest farms. However, the relationship between operational costs and the size of equipment is relatively linear. The choice of equipment is then guided by each technical requirement (for example, the risk of shellfish bans, the volume of production, sales, etc.), as well as the investment capacity of the farms. The same kind of mathematical relationship is observed for other technical options, only the parameters change. As a result, the shape of the cost curve does not indicate any economic incentive to invest on the part of small farms.
The extrapolation of costs for each technical option was carried out for several scenarios that combine four main factors: farm size, duration of shellfish bans, tank functionality, and implementation strategy. The unitary costs assessed for safeguarding storage and accelerated detoxification processes are extrapolated for three types of oyster farms: small, medium and large. This segmentation is based on the size of the farms, and on the results of the financial analysis of the sampled farms (Section 4.1). The additional annual production costs related to each technological option are operational and depreciation costs. These costs are measured on the size of the equipment. If the profit made by a farm allows for remunerating the family workers and investing in new equipment, the option is considered to be economically feasible.
Two types of extrapolations were done based on different scenarios. The main criteria used for these scenarios are detailed in Table 3 . The duration of shellfish bans is set at a maximum of eight weeks. Beyond this duration, additional costs are too high and implementing technical changes is not economically feasible. "Tank functionality" determines the required storage volume.
Moreover, the existence of economies of scale in safeguarding and detoxification processes leads to explore collective actions by testing the economic feasibility of sharing investments by several companies. This scenario is only tested for extrapolation in Option 2 (specific functionality of tanks). Storage volumes are much lower than those required for extrapolation in Option 1 (multifunctionality of tanks). Hence, the collective actions explored assess the breakeven point from which an association of oyster farms could efficiently manage the effects of HAB events. This scenario considers an association of farms belonging to the same category and presenting the same level of profitability (linear aggregated benefits curve in Figure 2 ). The extrapolation in Option 2 explores whether the implementation of each technology could be feasible individually at farm level. If this is not the case, the extrapolation assesses the threshold number of farms necessary to ensure the profitability of a collective investment. This is schematically illustrated in Figure 3 by the feasibility frontier of investments.
In the case of a collective action, the total costs associated with the shared investments can be supported by the aggregation of the profits of individual farms. The feasibility frontier (x) represents the point from which a collective action is economically viable. It measures the number of farms N min required for viability, which corresponds to the minimum tonnage of biomass treated in order to bring the average unitary cost of treatment under the profitability threshold. N max is the maximum number of farms that could potentially participate in a collective investment. If N max is below N min , the implementation of the new technology is not considered feasible, for either individual or collective strategies (case of N max2 , in Figure 2 ). If N min is below N max , there are enough farms to participate in a collective action that would be economically feasible (N max1 ).
Results
The mitigation of the impacts of HAB events explored in this paper is based on the technical options identified. Their implementation is conditioned by technical requirements and economic feasibility. The capacity for oyster farms to cover additional costs is limited and is partially related to their profitability. The analysis of this capacity is based on the comparison of the costs associated with each new technical option with the economic surplus that could be allocated to balance these additional costs.
Profitability of oyster farms in Bourgneuf Bay
The shellfish farming sector of the Pays de la Loire region is basically structured around small farms primarily specialized in oyster production. Labor is mainly provided by the farmer and his family. Approximately 10% of farms are managed by full-time family co-owners. The owners' wives largely contribute to the family employment with an average of 0.5 FTE per farm. CGPA and national census indicators are therefore quite similar.
The assessment of the profitability of these oyster farms is based on their annual financial reports. The sampled farms have been segmented into three classes (small, medium and large) according to their production level. The "small" class (c1) comprises the 16 smallest farms producing less than 30 tons of oysters a year. The "medium" class (c2) comprises 17 farms producing between 30 and 60 tons of oysters a year. Finally, the "large" class (c3) comprises the seven largest farms of the sample producing more than 60 tons of oysters a year. The average annual values of the economic indicators are given in Table 4 .
These farms' profits are primarily allocated to remunerate the family workforce, which generally does not have employee status. Any profits left over can be allocated to return on capital or to new investments. This overall allocation depends on the economic strategies of the farms, determined by their "life-cycle" and their profitability. The net profits presented in the last column of Table 4 measure the financial surplus which can potentially be allocated to new investments. The smallest farms (c1) generate very low profits and can only remunerate the family workforce, often at levels under current wage standards. They subsequently have no economic capacity to fund new investments. Medium-sized farms (c2) generate, on average, weak profits. Their capacity to invest is limited to the cheapest technical options required to manage the effects of short-term shellfish bans. Finally, the largest farms (c3) are the more profitable ones, but they also have a greater family workforce to remunerate. They have the highest capacity to implement new investments, but only if the additional associated costs are lower than US$ 16,500.
Feasibility of technological changes in Bourgneuf Bay
The extrapolation results of Option 1 (multifunctional tanks) show that the smallest farms (c1) have no capacity for adopting these technologies (Table 5) . Only the safeguarding technology based on dry cold storage could be adopted by medium-sized farms (c2). This is the cheapest option as it does not require expensive equipment, with electricity being the only operational cost to be met. The largest farms (c3) have almost full capacity for individually implementing the complete range of technologies.
The extrapolation results of Option 2 (specific functionality of tanks) are related to the strict requirements of storage during HAB events. The cost assessments of safeguarding storage and accelerated detoxification are compared with the profitability of farms detailed in Table 4 . As in Option 1, the smallest farms (class 1) do not have the capacity to implement any technical option, even the simplest one for short-term shellfish bans. The largest farms (class 3) have almost the full capacity to invest in all types of equipment. Only the more costly detoxification technologies (D2 and D3) cannot be afforded by these farms for shellfish bans lasting longer than five weeks (c.f. Table 6 ).
The profitability of class 2 farms is low. Their capacity for investing in additional new technologies fluctuates, depending on the cost of equipment. This capacity is explored though scenarios built on the combination of technical options and the size of equipment. The latter is conditioned by the size of the farm and the duration of the shellfish bans. The table 6 shows that c2 farms can invest in safeguarding storage techniques based on recirculation systems if the duration of the shellfish bans is no longer than two weeks. They also have the full capacity to invest in safeguarding techniques based on dry cold storage. Finally, their capacity for investing individually in detoxification systems is limited. This is only feasible for shellfish bans that do not exceed three weeks for option D1, one week for option D2, and two weeks for option D3. For the longest bans, the costs of the equipment required can be considered as prohibitive for most of the c2 farms.
In general, medium-sized farms (c2) are only able to individually invest in the case of shellfish bans of short duration. But the economies of scale characterizing the different technical options can encourage collective action, resulting in a decrease in the individual costs borne by each farm. Such options are explored through scenarios for the extrapolation in Option 2 and for c2 farms. The results are detailed in Table 7 . The economic feasibility of implementing technical options according to different durations of shellfish bans is assessed in terms of farm numbers. A scenario rated 0 means that an option is not economically feasible, neither at an individual nor a collective level. A scenario rated 1 indicates economic feasibility at both individual and collective levels. Scenarios characterized by a number of farms greater than 1 mean that only technical options implemented in a collective way are economically feasible. The value is a breakeven point in terms of the lowest number of farms required to ensure the profitability of the technical option implemented under a collective investment and cost sharing system. The assessments generally show that for class 2 farms, the economic capacity for implementing any technical option is feasible only for shellfish bans lasting no longer than one week per year. However, there is no real economic impact over such short periods. In this case, investments and the running costs of equipment would be higher than the loss of revenue incurred. In the case of a shellfish ban lasting two consecutive weeks, only option D2 is no longer economically viable if implemented individually. For bans lasting more than two weeks, option D3 is also no longer profitable, whatever its implementation level. For these two most expensive equipment options (D2 and D3), with a shellfish ban lasting longer than two weeks, farms cannot cover the associated costs, neither collectively nor individually. Option D1 remains viable individually for bans lasting up to three weeks, and collectively for between four weeks (two farms) and seven weeks (106 farms). Regarding storage, S2 is the only option viable at individual level, whatever the duration of the ban. Option S1 is viable individually for bans up to four weeks, and only viable under a collective action for bans beyond that duration: three farms for five weeks, six farms for six weeks, 13 farms for seven weeks, and 26 farms for bans lasting up to eight weeks.
Even if these results offer theoretical references of economic viability, not all of the technical options are necessarily suitable for all durations of shellfish bans. Thus, keeping animals in tanks without feeding or in dry cold storage is only feasible for limited periods, and with difficulty beyond two consecutive weeks. Only the most expensive systems can be technically feasible for the longest bans, but their costs cannot be borne by the majority of farms. The results also illustrate the breakeven point in terms of economic viability through the number of farms necessary to ensure this viability. But the approach also emphasizes that beyond individually viable options, the associated economies of scale also require collective action in order to improve the economic viability already observed at individual level.
Conclusions and discussion
The shellfish farming sector in Bourgneuf Bay is mainly comprised of small or micro highlyspecialized oyster farms, 90% of which produce less than 25 tons of oysters a year, with approximately one third producing only 10 tons a year. This structure suggests a weak capacity by the sector to support important technological changes. Beyond the dual structure of the shellfish farming sector, comprising both small and large farms, it is also highly heterogeneous in terms of farming practices, economic strategies related to marketing, provisioning, geographical diversification, species farmed, technical choices, etc. (Girard et al., 2009 ). Subsequently, the responses adopted by farms facing a similar risk are likely to be just as heterogeneous.
Considering the structure of the oyster farming sector in Bourgneuf Bay and the costs of the technological changes considered to reduce HAB effects, this paper has shown that the majority of the small farms would be excluded from the technological innovation process, even if collective actions were to be implemented. The economic viability of most new production processes may not be achieved, even in the case of public investment subsidies, due to exorbitant operational costs. Thus, coming back to the initial question of whether or not technological changes (such as those considered in this paper) are viable for the shellfish farming sector, the answer depends on two factors: the size of the farm and the implementation strategy. The majority of the farms in Bourgneuf Bay would not be able to cover the costs related to these new processes by themselves. However, in other regions, the ratio of farms able to adopt these changes could be higher and should be explored. In all cases, the capital intensification would accelerate the rate of farms leaving the sector. Only a collective response combining subsidies for the smallest farms, sharing of investments, or the emergence of new operators specializing in the treatment processes, could lead to a globally viable technical change for the whole sector. For example, due to economies of scale for safeguarding storage and accelerated detoxification, the aggregation of all equipment costs to a single producer at the scale of the production area would be economically viable. But a centralized and private purification system frequently generates a bottleneck for producers. Often managed by middlemen and combined with a sales channel, such systems tend to weaken the bargaining power of producers in terms of price (Raux, 2010) . Local producer organizations and associations could avoid this bottleneck by working together to develop their own collective purification system. However, compared with centralized systems, experience highlights important governance difficulties over the long term when collective management is divided among several dozen producers.
Many other intermediate situations should be explored but would require additional analyses integrating the industry's capacity to technically modify production processes. All of this must be considered in a context characterized today by fast changes in the sector, which generate high environmental and economic risks across the whole production chain.
Finally, this empirical case study suggests that any attempt to develop and spread technological innovations to mitigate environmental damage across the shellfish farming industry should clearly address the associated social and environmental consequences for four reasons. Firstly, technological changes are a way of minimizing environmental constraints in the production processes of biological resources. However, these strategies are restricted to the efficiency of the technology available. Secondly, as mentioned by Engle and Valderrama (2003) , there is a trade-off between the cost to society of poor environmental quality and the costs of controlling and maintaining a high level of environmental quality. The priority for mitigating impacts can lead to reduced compliance with environmental quality standards. Thirdly, most shellfish farms are not able to implement complex technological innovations. This is mainly the case of small and traditionally familyrun farms. Only collective actions can be viable under certain conditions if there are enough agents to share the additional costs associated with these innovations and if the durations of shellfish bans are not too long. In the context of a "laissez-faire" public policy, the shift by the shellfish farming industry towards cultural and commercial practices which require more technological equipment would certainly lead to a concentration of the sector, to the benefit of the largest capitalist farms, with negative effects on employment and the distribution of economic rent. Lastly, technological innovation in primary sectors frequently benefits from public subsidies, at least in the initial stages of development. These policies often concern the whole sector, but the economic impacts of HABs are heterogeneous and depend on the vulnerability of the farms faced with these events. Exposure and sensitivity to HABs are not similar for all farms, and their resilience capacity is determined by different individual factors. Hence, industry-level policies are more efficient and less costly when they mainly target the more vulnerable farms. 
